Background: Since obesity affects children's health and social integration, treatment concepts with long-term efficiency are necessary. Methods: We analyzed changes of standard deviation score of body mass index (SDS-BMI) quarterly in the first year and once a year during the next 3 years in all obese children participating in the 1-year outpatient intervention program 'Obeldicks', which was based on physical exercise, nutrition education and behavior therapy. All analyses were performed on the intention-to-treat approach. Results: One hundred and thirty-one children (77%) of the 170 children (mean age 10.5 years, 51% female, mean BMI 26.9 kg/m 2 , mean SDS-BMI 2.54) attending the 'Obeldicks' intervention program reduced their overweight at the end of intervention (mean SDS-BMI reduction 0.41) and 122 (66%) 3 years after end of intervention (mean SDS-BMI reduction 0.48). The reduction of overweight was independent of the child's gender, age and parental age and BMI. Reduction of 0.33 SDS-BMI in the first 3 months was the best predictor for long-term success (95% predictive value). Conclusions: Participating in the 1-year outpatient obesity intervention program 'Obeldicks' was associated with a decrease of overweight, which was sustained 3 years after the end of intervention. Reduction of overweight in the first 3 months of the intervention was highly predictive for long-term success.
Introduction
The increasing prevalence of obesity in childhood and adolescence poses an ever-increasing problem. 1 Since childhood obesity affects both the children's health and social integration, 1 treatment concepts with long-term efficiency are needed. Long-term outpatient training programs consisting of a combination of physical exercise, nutrition education and behavior therapy have been recommended, although few programs have run and have been evaluated. 1, 2 In previous studies, we have demonstrated that obese children participating in the 1-year outpatient obesity intervention 'Obeldicks' reduced their overweight. 3, 4, 5 The maintenance of the achieved weight loss for several years after the end of intervention has not been proved so far. Therefore, the following study was performed to analyze whether the benefits in weight status were sustained 3 years after the end of intervention. Additionally, we tried to identify clinical parameters for potential long-term success.
Patients and methods
We examined all obese children aged 6-16 years attending the outpatient intervention 'Obeldicks' during the years 1999-2002. In order to be admitted to our program, the children and their parents had to prove their motivation by filling out a questionnaire concerning their eating and exercise habits and by participating in local exercise groups for overweight children for at least 8 weeks. 4 The 1-year intervention 'Obeldicks' has been described in detail elsewhere. 3, 4, 5 Briefly, this program is based on physical exercise (1 year), nutrition education and behavior therapy for children and parents separately (first 3 months) and individual psychological care of the child and its family (months 4-9). The exercise therapy consists of sports, instructions in physical exercise as part of all-day life, and in reduction of the amount of time spent watching television. The nutritional course is based on the prevention concept of the 'Optimized mixed diet', which is both fat and sugar reduced containing 30% energy intake (E) fat, 15E% proteins and 55E% carbohydrates including 5E% sugar. 5 Obesity was defined according to the definition of the International Task Force of Obesity. 6 The degree of overweight was quantified using Cole's least mean square method, which normalized the body mass index (BMI) skewed distribution and expressed BMI as a standard deviation score (SDS-BMI). 7 Reference data for German children were used. 8 Reduction of overweight was defined by reduction of SDS-BMI, since BMI is gender and age dependent in childhood. SDS-BMI was recorded at baseline, every 3 months during the intervention and yearly during the next 3 years after the end of intervention. All analyses were performed on the intention-to-treat approach. Comparisons of subject characteristics between drop-outs and per protocol patients were calculated with Fisher's exact test, t-test or Mann-Whitney U-test, as appropriate. Receiver-operator characteristics were calculated to assess the best anthropometric predictor during intervention. Confidence intervals (CIs) for the empirical area under curve were calculated based on placement values. Optimal cut points for SDS-BMI difference were assumed at the maximum Youden index. A multivariate linear regression model was used to assess the impact of potential predictors on SDS-BMI reduction 3 years after the end of intervention. The covariates age, gender, parental age, maternal and paternal BMI and SDS-BMI reduction were considered a priori. Multicollinearity of respective covariates was identified by a variance inflation factor 410 and could be observed for maternal and paternal age. Therefore, we summarized this to parental age ( ¼ mean of maternal and paternal age).
The local ethics committee of the University of Witten/ Herdecke approved to this study. Written informed consent was obtained from all subjects and their parents.
Results
A total of 170 children (mean age 10.5 (95% CI 10.1-10.9) years, 51% female, mean BMI 26.9 (95% CI 26.2-27.6) kg/m 2 , mean SDS-BMI 2.54 (95% CI 2.46-2.62)) attended the 'Obeldicks' intervention program in the years 1999-2002 ( Table 1) . Nineteen (11%) children dropped-out during the intervention and nine (5%) in the follow-up period. The children dropping-out always failed to reduce their overweight.
A reduction of overweight was observed in 131 (77%) children at the end of intervention and in 122 (66%) 3 year after the end of intervention. The changes of SDS-BMI are demonstrated in Figure 1 . The mean reduction of SDS-BMI compared to baseline was 0.41 (95% CI 0.37-0.46) at the end of intervention, 0.40 (95% CI 0.34-0.46) 1 year, 0.41 (95% CI 0.33-0.48) 2 years and 0.48 (95%CI 0.37-0.59) 3 years after the end of intervention, respectively. SDS-BMI was reduced significantly (Po0.001) in the first 3 months of the intervention, and did not change significantly in the rest of the observation period.
The best predictor for a reduction of SDS-BMI 3 years after the end of intervention was a reduction of 0.33 SDS-BMI in the first 3 months (positive predictive value: 0.95 (95%CI 0.95-0.96), diagnostic likelihood: 2.77 (95% CI 1.46-5.28)). The change of SDS-BMI during the first 3 months of intervention was significantly (Po0.001, r 2 ¼ 0.14) related to change of SDS-BMI 3 years after the end of intervention, while no association between SDS-BMI reduction 3 years after the end of intervention and child's gender and age at baseline, as well as parental age and BMI could be observed in a multivariate linear regression model. Including SDS-BMI at baseline instead of change of SDS-BMI in the multivariate model demonstrated that SDS-BMI at baseline was associated Table 1 Clinical characteristics at baseline and at the end of intervention of the children completing the intervention program, dropping out in the intervention period and dropping out in the follow-up (data as mean or percentage as appropriate and 95% CI; there were no significant differences apart from *: Po0.05 as compared to the children completing the intervention program) Four-year follow-up after intervention T Reinehr et al with change of SDS-BMI 3 years after the end of intervention with a mean difference of À0.21 (95% CI À0.05 to À0.37) per additional SDS-BMI unit. This means that more obese children had a greater mean SDS-BMI difference 3 years after intervention.
Discussion
In this study, we were able to demonstrate the impact of a 1-year multidisciplinary outpatient intervention for obese children and adolescents on weight status in the course of 4 years. The achieved weight loss in the intervention period maintained for at least 3 years after the end of intervention. Therefore, the obesity intervention 'Obeldicks' led to longterm weight loss.
The achieved weight loss was clinically relevant as demonstrated by the earlier findings that this weight loss was associated with an improvement of cardiovascular risk factors and an improvement of quality of life. 3, 5 Since the achieved weight loss did not differ between the end of intervention and 3 years after the end of intervention, these improvements were also very likely to sustain. Furthermore, the degree of mean SDS-BMI reduction 3 years after the end of the 1-year intervention as compared to baseline has been demonstrated to reduce insulin resistance, and to improve hypertension and dyslipidemia in obese children.
9,10
The achieved weight loss and its maintenance were more pronounced and most importantly sustained as compared to previous studies.
11 -14 Apart from differences in age, race and degree of overweight, this finding can probably be explained Four-year follow-up after intervention T Reinehr et al in part by proving the motivation at the beginning of the intervention using criteria, which have been reported to be predictive for success. 4 Furthermore, the combination of individual care and group sessions, the intensive education of parents and the graduated structure of the intervention might be factors leading to long-term success. 2, 15 In our study, the reduction of overweight was independent of age and gender of the children assuming age and gender specificity of the intervention. The reduction of overweight was independent of the parent's weight status, so that the intervention program can address both normal weight and overweight parents. The reduction of overweight increased with the degree of overweight at baseline. Therefore, the intervention was particularly suitable for extreme obese children. Only the most extremely obese subjects did not profit from this intervention, since the drop-outs showed the highest degree of overweight.
Change of weight status in the first 3 months of the intervention had a high predictive value for long-term success and thus was the basis for long-term success. This finding is in concordance with the longest on-going study (10 years) showing that the first year is decisive for the prognosis. 16 In the first 3 months, our intervention consisted of many therapeutical contacts for the children and their parents in the nutritional course and in the eating-behavior course in addition to the exercise therapy. Probably, expanding this phase of the intervention will lead to higher success rates and greater weight loss, which has to be proven in longitudinal studies. It could be argued that months 4-12 of the program were unnecessary, since there was no further reduction of overweight. Conversely, this phase of intervention program was aimed and successful to sustain the achieved changes in eating and exercise behavior. Most interventions in obesity led to initial weight loss but followed by weight gain. 2, 11, 12 In further studies, it has to be investigated why one-third of our participants failed to reduce their overweight. Other treatment strategies have to be developed for them.
This study has a few import potential limitations. Firstly, we did not perform a randomized controlled trial. Such a study would be extremely difficult to carry out, since some participants would have to be excluded from intervention for several years. Secondly, drop-outs may have influenced our findings. However, we performed an intention-to-treat approach analysis.
In summary, the 1-year 'Obeldicks' intervention program led to long-term reduction of overweight over 3 years after intervention. The achieved reduction of overweight was independent of age, gender and increased with degree of overweight at baseline. The reduction of overweight in the first 3 months of the intervention was highly predictive for long-term success.
